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4) ARTERIAL SCLEROSIS EVALUATING DEVICE 

7) Abstract: 

ROBLEM TO BE SOLVED: To provide an arterial sclerosis evaluating 
>vice capable of easily evaluating arterial sclerosis. 
DLUTION: The actual age A of an organism and the actual lowest blood 
essure value BPDIA measured by a blood pressure measuring means 80 
e substituted in a preset normal pulse wave propagation speed 
ilculating expression by a normal pulse wave propagation speed 
formation calculating means 90 to calculate a normal pulse wave 
opagation speed PWVno in the age A and the lowest blood pressure 
ilue BPDIA when the organism is normal to calculate an actual pulse 
ave propagation speed PWVac on the basis of an actually measured pulse 
ave by an actual pulse wave propagation speed information calculating 
eans 88 to calculate a difference APWV(=PWVac~PWVno) between the 
;tual pulse wave propagation speed PWVac and the normal pulse wave 
opagation speed PWVno as an arterial sclerosis index la by an arterial 
Xerosis index calculating means 92. Since the actual pulse wave 
opagation speed PWVac becomes a value separate from the normal pulse 
ave propagation speed PWVno as arterial sclerosis makes progress on the 
ganism, even an unexperienced person can easily evaluate the arterial 
Jerosis by the arterial sclerosis index la calculated as the difference A 
W between the actual pulse wave propagation speed PWVac and the normal pulse wave propagation speed 
Wno. 
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NOTICES * 

pan Patent Office is not responsible for any 
mages caus d by the use of this translation, 

rhis document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated, 
n the drawings, any words are not translated. 



.AIMS 



laim 1] A blood-pressure-measurement means to be arteriosclerosis assessment equipment by which hardness of a 
ing body's artery is evaluated, and to measure said living body's blood-pressure value, A normal pulse-wave-velocity 
? ormation formula to which it was beforehand set between a blood-pressure value, and age and normal pulse-wave- 
locity information is used. It is based on a blood-pressure value actually measured by said living body's actual age and 
id blood-pressure-measurement means. A normal pulse- wave-velocity information calculation means to compute 
rmal pulse- wave-velocity information relevant to pulse wave velocity to which a pulse wave spreads in the living 
dy [ this ] when said living body is normal, The 1st heartbeat synchronization voltage sensor with which said living 
dy's predetermined part is equipped and which detects the 1st heartbeat synchronization voltage, The 2nd heartbeat 
Qchronization voltage sensor with which a different part from this 1st heartbeat synchronization voltage sensor is 
uipped and which detects the 2nd heartbeat synchronization voltage, Time amount by which a predetermined part 
nerated for every 1st heartbeat synchronous wave period by said 1st heartbeat synchronization voltage sensor was 
tected, A real pulse-wave-velocity information calculation means to compute real pulse-wave-velocity information 
sed on a pulse wave measured actually from time difference with time amount by which a predetermined part 
nerated for every 2nd heartbeat synchronous wave period by said 2nd heartbeat synchronization voltage sensor was 
tected, Normal pulse- wave- velocity information computed by said normal pulse- wave- velocity information 
Iculati'on means, Arteriosclerosis assessment equipment characterized by including an arteriosclerosis characteristic 
[culation means to compute said living body's arteriosclerosis characteristic based on a comparison with real pulse- 
ive-velocity information computed by said real pulse-wave- velocity information calculation means, 
laim 2] A blood-pressure-measurement means to be arteriosclerosis assessment equipment by which hardness of a 
ing body's artery is evaluated, and to measure said living body's blood-pressure value, A normal pulse-wave-velocity 
brmation formula to which it was beforehand set between a blood-pressure value, and age and normal pulse-wave- 
locity information is used. It is based on a blood-pressure value actually measured by said living body's actual age and 
d blood-pressure-measurement means. A normal pulse-wave-velocity information calculation means to compute 
rmal pulse-wave-velocity information relevant to pulse wave velocity to which a pulse wave spreads in the living 
dy [ this ] when said living body is normal, The 1 st heartbeat synchronization voltage sensor with which said living 
dy's predetermined part is equipped and which detects the 1st heartbeat synchronization voltage, The 2nd heartbeat 
nchronization voltage sensor with which a different part from this 1st heartbeat synchronization voltage sensor is 
uipped and which detects the 2nd heartbeat synchronization voltage, Time amount by which a predetermined part 
nerated for every 1st heartbeat synchronous wave period by said 1st heartbeat synchronization voltage sensor was 
tected, A real pulse-wave-velocity information calculation means to compute real pulse-wave-velocity information 
sed on a pulse wave measured actually from time difference with time amount by which a predetermined part 
nerated for every 2nd heartbeat synchronous wave period by said 2nd heartbeat synchronization voltage sensor was 
tected, Arteriosclerosis assessment equipment characterized by including a comparison display means to display 
rmal pulse-wave- velocity information computed by said normal pulse-wave-velocity information calculation means, 
d real pulse-wave-velocity information computed by said real pulse-wave-velocity information calculation means 
ssible [ a comparison ] on a single dimension graph. 
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ETAILED DESCRIPTION 

letailed Description of the Invention] 
001] 

he technical field to which invention belongs] This invention relates to the arteriosclerosis assessment equipment by 
lich a living body's arteriosclerosis is evaluated based on the pulse- wave-velocity information relevant to propagation 
Jocity, for example, the pulse wave velocity, and the pulse wave propagation time of the pulse wave which spreads 
e inside of a living body's artery. 
002] 

Ascription of the Prior Art] For a diagnosis of the followup of cardiac insufficiency, or arteriosclerosis, pulse-wave- 
■locity information is often measured. It is because whenever [ arteriosclerosis ] is the factor which affects pulse-wave- 
ilocity information. Since this pulse-wave- velocity information is influenced by the blood-pressure value, the 
teriosclerosis assessment equipment by which arteriosclerosis is evaluated based on pulse- wave- velocity information 
usually equipped with the blood-pressure-measurement equipment which measures blood pressure, and the 
lendment pulse- wave-velocity information converted into the pulse-wave- velocity information in predetermined 
ood-pressure values, such as 80mmHg, is determined. Here, since the relation of the pulse-wave- velocity information 
'er a blood-pressure value is complicated, amendment pulse- wave- velocity information is determined based on the 
lation [-izing / the experimental value which shows the relation between a blood-pressure value and pulse-wave- 
tlocity information / relation / the ** type ] (for example, linear expression). However, since it depends for pulse- 
ive-velocity information also on age, a diagnosis of arteriosclerosis is performed and the effect of medication and the 
feet of the kinesitherapy are judged by being contrasted the datum line which shows the criteria pulse-wave-velocity 
formation beforehand displayed in the topographic contour plot table of age and pulse- wave-velocity information, and 
e actually measured pulse- wave-velocity information. 
003] 

roblem(s) to be Solved by the Invention] However, since the comparison with the actual measurement and the datum 
ie which were displayed in the topographic contour plot table as mentioned above was indefinite for an unfamiliar 
Tson, if pulse-wave-velocity information is what value, it is difficult comparison to judge whether the hardness of an 
tery is normal, and it is difficult to evaluate whenever [ arteriosclerosis ] quantitatively or absolutely, and had stopped 
evaluating a change (relative change) with time. 

004] Succeeding in this invention against the background of the above situations, the place made into the object is 

•out arteriosclerosis to offer easily the arteriosclerosis assessment equipment which can be evaluated. 

005] 

lie 1 st means for solving a technical problem] The place made into the summary of the 1 st invention for attaining the 
•ove-mentioned object It is arteriosclerosis assessment equipment by which the hardness of a living body's artery is 
aluated, and is (a). A blood-pressure-measurement means to measure said living body's blood-pressure value, (b) The 
►rmal pulse-wave-velocity information formula to which it was beforehand set between a blood-pressure value, and 
;e and normal pulse- wave-velocity information is used. It is based on the blood-pressure value actually measured by 
id living body's actual age and said blood-pressure-measurement means. A normal pulse-wave- velocity information 
lculation means to compute the normal pulse- wave-velocity information relevant to the pulse wave velocity to which 
pulse wave spreads in the living body [ the ] when said living body is normal, (c) The 1st heartbeat synchronization 
►ltage sensor with which said living body's predetermined part is equipped and which detects the 1 st heartbeat 
nchronization voltage, (d) The 2nd heartbeat synchronization voltage sensor with which a different part from the 1st 
artbeat synchronization voltage sensor is equipped and which detects the 2nd heartbeat synchronization voltage, (e) 
me amount by which the predetermined part generated for every 1st heartbeat synchronous wave period by said 1st 
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artbeat synchronization voltage sensor was detected, A real pulse- wave- velocity information calculation means to 
mpute the real pulse-wave- velocity information based on the pulse wave measured actually from time difference with 
; time amount by which the predetermined part generated for every 2nd heartbeat synchronous wave period by said 
d heartbeat synchronization voltage sensor was detected, (f) It is in including an arteriosclerosis characteristic 
iculation means to compute said living body's arteriosclerosis characteristic based on the comparison with the normal 
lse-wave- velocity information computed by said normal pulse-wave-velocity information calculation means, and the 
il pulse- wave- velocity information computed by said real pulse- wave- velocity information calculation means. 
)06] 

he 1st effect of the invention] If it does in this way, it is based on a living body's actual age and the actual blood- 
sssure value measured by the blood-pressure-measurement means with a normal pulse- wave-velocity information 
Iculation means. When a living body is normal, the normal pulse-wave-velocity information in the age and its blood- 
sssure value is computed. With a real pulse-wave- velocity information calculation means Real pulse-wave-velocity 
brmation is computed based on the actually measured pulse wave, and said living body's arteriosclerosis 
aracteristic is computed by the arteriosclerosis characteristic calculation means based on the comparison with the 
rmal pulse-wave- velocity information and real pulse-wave-velocity information. Since the real pulse-wave- velocity 
? ormation computed by the real pulse- wave-velocity information calculation means based on the pulse wave measured 
tually serves as a value which is separated from the normal pulse-wave- velocity information computed by the normal 
lse-wave- velocity information calculation means so that arteriosclerosis is progressing about the living body, the 
eriosclerosis characteristic computed based on the comparison with normal pulse- wave- velocity information and real 
lse- wave-velocity information can estimate arteriosclerosis easily, even if it is an unfamiliar man. 
307] 

•ther modes of the 1st invention] Here, said arteriosclerosis assessment equipment includes further suitably an 
eriosclerosis characteristic display means to display the arteriosclerosis characteristic computed by said 
eriosclerosis characteristic calculation means on a single dimension graph. If it does in this way, arteriosclerosis can 
easily evaluated rather than it contrasts the pulse- wave- velocity information and the datum line which were actually 
jasured in the topographic contour plot table. 
308] 

he 2nd means for solving a technical problem] The place made into the summary of the 2nd invention for attaining 

2 above-mentioned object It is arteriosclerosis assessment equipment by which the hardness of a living body's artery is 
aluated, and is (a). A blood-pressure-measurement means to measure said living body's blood-pressure value, (b) The 
rmal pulse- wave-velocity information formula to which it was beforehand set between a blood-pressure value, and 

e and normal pulse-wave- velocity information is used. It is based on the blood-pressure value actually measured by 
id living body's actual age and said blood-pressure-measurement means. A normal pulse- wave-velocity information 
Iculation means to compute the normal pulse-wave-velocity information relevant to the pulse wave velocity to which 
)ulse wave spreads in the living body [ the ] when said living body is normal, (c) The 1st heartbeat synchronization 
ltage sensor with which said living body's predetermined part is equipped and which detects the 1st heartbeat 
nchronization voltage, (d) The 2nd heartbeat synchronization voltage sensor with which a different part from the 1st 
artbeat synchronization voltage sensor is equipped and which detects the 2nd heartbeat synchronization voltage, (e) 
me amount by which the predetermined part generated for every 1st heartbeat synchronous wave period by said 1st 
artbeat synchronization voltage sensor was detected, A real pulse-wave- velocity information calculation means to 
mpute the real pulse-wave-velocity information based on the pulse wave measured actually from time difference with 
5 time amount by which the predetermined part generated for every 2nd heartbeat synchronous wave period by said 
d heartbeat synchronization voltage sensor was detected, (f) It is in including a comparison display means to display 

3 normal pulse-wave- velocity information computed by said normal pulse-wave- velocity information calculation 
jans, and the real pulse-wave-velocity information computed by said real pulse- wave-velocity information calculation 
sans possible [ a comparison ] on a single dimension graph. 

309] 

he 2nd effect of the invention] If it does in this way, it is based on a living body's actual age and the actual blood- 
sssure value measured by the blood-pressure-measurement means with a normal pulse-wave-velocity information 
Iculation means. When a living body is normal, the normal pulse-wave-velocity information in the age and its blood- 
sssure value is computed. With a real pulse- wave- velocity information calculation means Real pulse-wave-velocity 
formation is computed based on the actually measured pulse wave, and the normal pulse-wave- velocity information 
d real pulse-wave-velocity information are displayed possible [ a comparison ] on a single dimension graph by the 
mparison display means. Since the real pulse-wave- velocity information computed by the real pulse-wave- velocity 
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formation calculation means based on the pulse wave measured actually serves as a value which is separated from the 
rmal pulse- wave- velocity information computed by the normal pulse-wave-velocity information calculation means so 
it arteriosclerosis is progressing about the living body, even if it is those who do not get used by displaying normal 
lse-wave- velocity information and real pulse-wave- velocity information on a single dimension graph possible [ a 
mparison ], arteriosclerosis can evaluate easily. 
310] 

he gestalt of suitable implementation of invention] Hereafter, one example of this invention is explained to details 
sed on a drawing. Drawing 1 is a block diagram explaining the configuration of the arteriosclerosis assessment 
uipment 8 with which this invention was applied. 

31 1] Arteriosclerosis assessment equipment 8 is equipped with the cuff 10 which has rubber bag-making in the band- 
e bag made of cloth, for example, is wound around a patient's overarm section 12, and the pressure sensor 14 
nnected to this cuff 1 0 through piping 20, respectively, a change-over valve 1 6 and an air pump 1 8 in drawing 1 . This 
ange-over valve 16 is constituted so that it may be switched to three conditions, the pressure supply condition of 
rmitting supply of the pressure into a cuff 10, the **** exhaust-gas-pressure condition which carries out exhaust gas 
sssure of the inside of a cuff 10 gradually, and the rapid exhaust-gas-pressure condition which carries out exhaust gas 
assure of the inside of a cuff 1 0 quickly . 

312] A pressure sensor 14 supplies the pressure signal SP with which the pressure in a cuff 10 is detected and the 
assure is expressed to the static pressure discriminator 22 and the pulse wave discriminator 24, respectively. The static 
sssure discriminator 22 is, the steady pressure, i.e., cuff pressure PC, which is equipped with a low pass filter and 
ntained in the pressure signal SP. It discriminates from the cuff pressure signal SK to express, and the cuff pressure 
pial SK is supplied to an arithmetic sequence unit 28 through A/D converter 26. 

313] It is the pulse wave signal SM 1 which the above-mentioned pulse wave discriminator 24 is equipped with a 
nd pass filter, and is the oscillating component of the pressure signal SP. It discriminates in frequency and is the pulse 
ive signal SM 1 . An arithmetic sequence unit 28 is supplied through A/D converter 29. This pulse wave signal SM 1 It 
the pressure oscillatory wave, i.e., the cuff pulse wave, which occurs from the brachial artery which is not illustrated 
nchronizing with a patient's heartbeat, and is transmitted to a cuff 10. 

314] The predetermined part on a living body's thorax epidermis is equipped with the heartbeat microphone 30 which 
nctions as a 1 st heartbeat synchronization voltage sensor in this example, and it detects and outputs the cardiac 
rrespondence number (namely, the 1 st heartbeat synchronization voltage signal) SH showing a heartbeat. The cardiac 
rrespondence number SH outputted from the heartbeat microphone 30 is supplied to said arithmetic sequence unit 28 
*ough A/D converter 32. The heartbeat which the above-mentioned cardiac correspondence number SH expresses is 
artbeat synchronization voltage generated synchronizing with a living body's heartbeat. 

315] The pressure pulse wave detection probe 34 is equipped with the screw-thread shaft 46 by which revolution 
tuation is carried out by the motor which was screwed in that sensor housing 40, and was formed in the case 42, and 
lich is not illustrated in order to move the case 42 where the sensor housing 40 which constitutes the shape of a 
ntainer is held, and this sensor housing 40 crosswise [ of a carotid artery 44 ] as are shown in drawing! , and a living 
dy's neck 36 is equipped with the wearing band 38 and it is shown in drawing 3 in detail. This pressure pulse wave 
tection probe 34 is attached with said wearing band 38 in the condition that the opening edge of the sensor housing 40 
unters the body surface 48 of a living body's neck 36. 

316] the above - a sensor - housing 40 - the interior - **** -- diaphram - 50 - minding - this example - setting 
the - two - a heartbeat - synchronization voltage - a sensor - ****** - functioning - a pressure pulse wave - a 
isor - 52 - relative displacement - possible ~ and - a sensor - housing - 40 - a opening - an edge ~ from - 
;ction possible - preparing - having - **** - these - a sensor - housing -- 40 - and - diaphram - 50 - a grade - 
n In this pressure room 54, as shown in drawing 1 , pressure air is supplied through a pressure regulating valve 58 
>m an air pump 56, and thereby, the pressure pulse wave sensor 52 is pressed by said body surface 48 by the thrust 
wording to the pressure in the pressure room 54 (Pa). 

)17] The above-mentioned sensor housing 40 and diaphram 50 constitute the press equipment 60 which presses the 
assure pulse wave sensor 52 toward a carotid artery 44, and the above-mentioned screw-thread shaft 46 and the motor 
iich is not illustrated constitute, the press repositioning equipment 62, i.e., the crosswise migration equipment, which 
moved crosswise [ of the carotid artery 44 ] and changes the press location where the pressure pulse wave sensor 52 is 
sssed. 

)18] In the press side 64 of the above-mentioned pressure pulse wave sensor 52, many semiconductor pressure 
isitive devices (henceforth a pressure sensitive device) E set in the cross direction of a carotid artery 44, i.e., the 
gration direction of the pressure pulse wave sensor 52 parallel to the screw-thread shaft 46. It is arranged at the fixed 

p://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 1/20/2004 



THIS PAGE BLANK wspto) 



r 



Page 4 of 9 

I p, for example, as shown in drawing 4 , 1 5 pressure sensitive device E (a) by which the array gap was set to about 
1 5mm, E (b), -E (o) are arranged so that it may become longer than the diameter of the carotid artery 44. 
I D19] Thus, pressure pulse wave signal SM 2 which it is detected by each pressure sensitive device E, the heartbeat 
i nchronization voltage, i.e., the pressure pulse wave, which occurs from a carotid artery 44 and is transmitted to a body 
I rface 48, and expresses the pressure pulse wave with it by pressing the constituted pressure pulse wave detection 
I obe 34 on the carotid artery 44 of the body surface 48 of a neck 36 Said arithmetic sequence unit 28 is supplied 
i -ough A/D converter 66. It is the pressure pulse wave signal SM 2 by which drawing 5 is serially detected by the 
i essure pulse wave sensor 52. An example is shown. 

I 020] The arithmetic sequence unit 28 consists of so-called microcomputers equipped with CPU68, ROM70, RAM72, 
s I/O Port that is not illustrated. CPU68 By performing signal processing, using the memory storage function of 
I \M72 for ROM70 according to the program memorized beforehand A driving signal is outputted through the 
I tuation circuit which outputs a driving signal from an I/O Port, and controls a change-over valve 16 and an air pump 
i and is not illustrated to an air pump 56 and a pressure regulating valve 58, and the pressure in the pressure room 54 
i adjusted. Furthermore, pulse wave signal SM 1 supplied from the cuff pressure signal SK supplied from the static 
i essure discriminator 22, and the pulse wave discriminator 24 Pressure pulse wave signal SM 2 supplied from the 
i rdiac correspondence number SH and the pressure pulse wave sensor 52 which are based, determine a living body's 
i ood-pressure value BP, and are supplied from the heartbeat microphone 30 It is based, calculation of pulse-wave- 
I tlocity information etc. is performed, and the blood-pressure value BP, pulse-wave- velocity information, etc. are 
I splayed on a drop 74. 

I 021] An input unit 76 is equipped with the input key which is not illustrated to input a patient's age, and outputs the 

I *nal showing the age A of a patient when it was inputted to said arithmetic sequence unit 28. 

I 022] Drawing 6 is a functional block diagram explaining the important section of the control function of the 

I ithmetic sequence unit 28 in the above-mentioned arteriosclerosis assessment equipment 8. The blood-pressure- 

i easurement means 80 the compression pressure force of the cuff 10 wound around a living body's overarm by the cuff 

i essure control means 82 The predetermined target preassure force value PCM [ within the **** pressure-lowering 

i riod which carries out **** pressure lowering at the rate of 3 mmHg/sec degree after carrying out rapid pressure up to 

i >r example, the pressure value of a 180mmHg degree) ] Pulse wave signal SM 1 by which sequential extraction is 

i rried out The oscillometric method which was easy to be based on change of the amplitude of the pulse wave to 

I press, and was known is used. The highest-blood-pressure value BPSYS the mean-blood-pressure value BPMEAN 

I d lowest-blood-pressure value BPDIA etc. - determining ~ the highest-blood-pressure value BPSYS, mean-blood- 

i essure value BPMEAN, and lowest-blood-pressure value BPDIA which were determined etc. — it is made to display 

I I a drop 74 

I 023] An optimal press position control means 84 is the pressure sensitive device E EM, i.e., a maximum pulse- 
i essure sensing element, which detects the maximum pulse pressure PMmax of the pressure sensitive devices E 
i ranged in the press sides 64, such as the time of first-time wearing. When the renewal conditions of a press location on 
•ndition of an array location being what is located by the predetermined number or the predetermined distance inside 
i i the basis of the edge of an array are satisfied, the following renewal actuation of a press location performs. Namely, 
tiile the renewal actuation of a press location makes the pressure pulse wave sensor 52 once isolate from a body 
rface 48 After carrying out predetermined distance migration of press equipment 60 and the pressure pulse wave 
nsor 52 with crosswise migration equipment 62, Until it makes the pressure pulse wave sensor 52 press by the 1st 
■mparatively small thrust HDP1 set up beforehand with press equipment 60, it judges whether the above-mentioned 
newal conditions of a press location are again satisfied in the condition and the renewal conditions of a press location 
)p satisfying It is the maximum pulse pressure sensing element EM more preferably. Above-mentioned actuation and 
dsion are performed until it is located in the center of abbreviation of an array location. In addition, the above- 
entioned pulse pressure PM As shown also in drawing 5 , it starts with the pressure in the peak b of the pressure pulse 
i ive in every beat, and is a difference with the pressure in Point a (or minimum point). Moreover, the predetermined 
t imber or predetermined distance from an edge of the array in the above-mentioned renewal conditions of a press 
t cation is determined based on the diameter of the artery (this example carotid artery 44) pressed by the pressure pulse 
i ive sensor 52, for example, is set as one fourth of the diameters. 

024] After the pressure pulse wave sensor 52 is located by the optimal press location with the optimal press position 
ntrol means 84, the thrust HDP of the pressure pulse wave sensor 52 by press equipment 60 is changed continuously, 
d it is based on the pressure pulse wave obtained by the process,' and the press force control means 86 is the optimal 
i rust HDPO. It determines and is the optimal thrust HDPO about the pressure pulse wave sensor 52. It is made to press, 
sre, it is the optimal thrust HDPO. For example, the maximum pulse pressure sensing element EM Pulse pressure PM 
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I tected The minimum pulse pressure PL set up beforehand It is the thrust HDP which becomes the above and is this 
i nimum pulse pressure PL. Pulse pressure PM If too small, a pressure pulse wave will become not clear, and since the 
i cision precision of the reference point for computing pulse-wave- velocity information falls, based on an experiment, 
i is set as the magnitude which a pressure pulse wave can detect clearly. 

1 325] For the real pulse- wave-velocity information calculation means 88, the thrust HDP of the pressure pulse wave 
i asor 52 is the optimal thrust HDPO by the above-mentioned press force control means 86. In the condition of being 
i lintained The cardiac correspondence number SH serially detected with the heartbeat microphone 30, and two or more 

assure pulse wave signals SM 2 serially detected by two or more pressure sensitive devices E arranged by the pressure 
I lse wave sensor 52 One is used. The time amount by which the predetermined part of the cardiac acoustic wave form 
i lich the cardiac correspondence number SH expresses repeated periodically was detected, Pressure pulse wave signal 

A 2 It has a real pulse wave propagation-time calculation means to compute the time difference (real pulse wave 
i apagation time) (msec) DTac with the time amount by which the predetermined part of the pressure pulse wave to 
j press repeated periodically was detected. For example As a matter of fact, a pulse wave propagation-time calculation 

^ans is the time amount by which the standup of a second heart sound II was detected, and said maximum pulse 

sssure sensing element EM. The time difference (real pulse wave propagation time) DTac with the time amount by 
i lich the notch of a pressure pulse wave was detected is computed. Here, as it is indicated also in drawing 5 as the 
i ove-mentioned notch, it is the minimal value after the peak b of a pressure pulse wave, and is also called a notch. This 
I tch corresponds to the second heart sound II which is a heartbeat generated at the time of the closeout of an aortic 
I lve since by closeout of an aortic valve. Furthermore, the real pulse- wave- velocity information calculation means 88 
i mputes the real pulse wave velocity PWVac (m/sec) to which a pulse wave spreads the inside of the artery of an 
i -erating personnel-ed actually using the formula 1 memorized beforehand from the real pulse wave propagation time 
I lac computed based on actual heartbeat synchronization voltage by the pulse wave propagation-time calculation 

2ans as a matter of fact. In addition, it sets at a ceremony 1 and is L. (m) is the distance to the part where it is equipped 
i th the pressure pulse wave sensor 52 from the part where it is equipped with the heartbeat microphone 30, and the 

nstant value beforehand calculated based on the experiment is used. 

I 026] (Formula 1) PWVac=L/DTac [0027] Moreover, the real pulse- wave- velocity information computed by the 
i ove-mentioned real pulse-wave-velocity information calculation means 88 From being compared with the normal 
I lse-wave- velocity information computed in an arteriosclerosis characteristic calculation means 92 to mention later, 
i sed on the blood-pressure value BP measured by said blood-pressure-measurement means 80 The above-mentioned 
i rdiac correspondence number SH and pressure pulse wave signal SM 2 It is desirable that the ******(ed) blood- 
sssure value BP by said blood-pressure-measurement means 80 is detected the period which does not change so much, 
i r example, just before the blood pressure measurement, immediately after, etc. 

I 028] The normal pulse-wave-velocity information calculation means 90 computes the normal pulse-wave-velocity 
I formation relevant to the pulse wave velocity to which a pulse wave spreads in the living body, based on a living 
I dy's blood-pressure value BP actually measured by Age A and the blood-pressure-measurement means 80 which are 
i Dutted from an input unit 76 when [ using the normal pulse-wave- velocity information formula to which it was 
I forehand set between the blood-pressure value BP, and Age A and normal pulse- wave- velocity information ] a living 
I dy is normal. Here, I hear that the degree of a living body being a healthy person as a living body is normal, i.e., a 
ing body's arteriosclerosis, is suitable for age, and standard, and it is. The normal pulse wave velocity PWVno is used 
i normal pulse- wave- velocity information, and a formula 2 is the lowest-blood-pressure value BPDIA as a blood- 
i sssure value BP. It is an example of the normal pulse-wave-velocity formula at the time of being used. 
1329] 

i ormula 2) PWVno=alphaxA+betaxBPDIA +theta - the data so generally that this formula's 2 having so quick that a 
ing body's blood-pressure value BP being high pulse wave velocity PWV and Age A are high in addition that pulse 
i ive velocity PWV is quick ~ being based - the normal pulse wave velocity PWVno - line type association of Age A 
I d the blood-pressure value BP — a table ~ it is a thing the bottom. In a formula 2, it is the value which alpha, beta, and 
I ita are constants, and asks for the relation between Age A and the blood-pressure value BP, and the real pulse wave 
I locity PWVac based on a actual pulse wave about the living body of normal a large number covering the age group of 
i arge range, and is statistically determined from the relation of the large number, for example, a line type 
I proximation coefficient, and a regression coefficient, for example, alpha= 9.456, beta= 3.43, and theta= 19.72 are 
I sd. . v.. ... ; 

I 330] The arteriosclerosis characteristic calculation means 92 is based on the comparison with the normal pulse-wave- 
locity information computed by the normal pulse-wave- velocity information calculation means 90, and the real pulse- 
i ive- velocity information computed by the real pulse- wave- velocity information calculation means 88, and is a living 
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I dy's arteriosclerosis characteristic la. It computes, arteriosclerosis characteristic la the thing showing whether the real 
I lse-wave-velocity information based on a actual pulse wave differs however to the normal pulse-wave- velocity 
i brmation showing pulse-wave-velocity information when an artery is normal - in other words That what is necessary 
I just a thing showing the gap from the reference value of the real pulse-wave-velocity information at the time of 
I iking normal pulse-wave- velocity information into a reference value or normal values When the real pulse wave 
I locity PWVac is explained as an example as normal pulse-wave-velocity information as the normal pulse wave 
I locity EWVno and real pulse-wave- velocity information, for example Difference deltaPWV (=PWVac-PWVno) of 

5 real pulse wave velocity PWVac and the normal pulse wave velocity PWVno, The ratio (PWVac/PWVno) of the 
i il pulse wave velocity PWVac to the normal pulse wave velocity PWVno, the value (deltaPWV/PWVno) which broke 

» above-mentioned difference deltaPWV by the normal pulse wave velocity PWVno can be used. This arteriosclerosis 
i aracteristic la Since it is the value which compared that reference value with actual pulse-wave-velocity information 
i making normal pulse-wave-velocity information into a reference value, not relative assessment of aging etc. but 
i solute (it is quantitive) assessment of arteriosclerosis is possible. 

I 331] The arteriosclerosis characteristic display means 94 is the arteriosclerosis characteristic la computed by the 
i ove-mentioned arteriosclerosis characteristic calculation means 92. It is made to display on the single dimension 
I iph of a drop 74. an arteriosclerosis characteristic la in case drawing 7 is drawing showing an example of the single 
i nension graph 96 displayed by the arteriosclerosis characteristic display means 94 and said real pulse-wave-velocity 
i wmation of the center point O located in the center of the arteriosclerosis characteristic shaft 98 corresponds with 
t id normal pulse-wave- velocity information Namely, an arteriosclerosis characteristic la when the hardness of an artery 
i normal it is - arteriosclerosis characteristic la by which the mark 100 is computed with said arteriosclerosis 
i aracteristic calculation means 92 It is shown. Thus, they are the center point O and the actual arteriosclerosis 
i aracteristic la on the single dimension graph 96. If the mark 100 with which it expresses is displayed, arteriosclerosis 
i a be absolutely evaluated by judging whether the mark 100 is how much distant from the center point O. 
I 332] Drawing 8 is a flow chart for explaining still more concretely control actuation of the arithmetic sequence unit 28 
i own in the functional block diagram of drawing 6 . 

I 333] In drawing 8 , it is judged whether the signal which expresses the age A of an operating personnel-ed with a step 
i ^ 1 (a step is skipped hereafter.) from an input unit 76 was supplied. It is the 1st thrust HDP1 to which the thrust HDP 
I the pressure pulse wave sensor 52 was beforehand set by controlling the pressure in the pressure room 54 by press 
i uipment 60 in SA2 corresponding to the continuing press force control means 86 when it was affirmed, although 
i Deat activation of SA1 was carried out when decision of this SA1 was denied. It is carried out. The 1st thrust HDP1 of 

i above Pressure pulse wave signal SM 2 from each pressure sensitive device E It is based and is pulse pressure PM. 

; magnitude which is the degree which can be determined, respectively, it is beforehand determined based on the 
I periment. 

I 334] Then, SA3 thru/or SA4 corresponding to the optimal press position control means 84 is performed. First, it is the 
i iximum pressure sensing element EM among the pressure sensitive devices E arranged in SA3 in the press side 64. It 
I judged whether the renewal conditions of a press location on condition of whether it is that in which an array location 
I located from an edge by the predetermined number or the predetermined distance inside of an array (APS starting 
i nditions) were satisfied. When this decision is denied, SA5 or subsequent ones mentioned later is performed. 
I 335] On the other hand, when decision of SA3 is affirmed (i.e., when the stowed position to the carotid artery 44 of 

; pressure pulse wave sensor 52 is unsuitable), an APS control routine is performed in continuing SA4. This APS 
i ntrol routine is the maximum pulse pressure sensing element EM. In order to determine the optimal press location 

3d as the abbreviation mid gear of the array of a pressure sensitive device E, After making the pressure pulse wave 
i isor 52 once isolate from a body surface 48 and carrying out predetermined distance migration of press equipment 60 
i d the pressure pulse wave sensor 52 with crosswise migration equipment 62, It is said 1st thrust HDP1 again about the 

assure pulse wave sensor 52 by press equipment 60. The maximum pulse pressure sensing element [ in / it is made to 
i jss and / that condition ] EM It is judged whether it is the pressure sensitive device E in an array abbreviation mid 
i ar, and repeat activation of the above-mentioned actuation is carried out until this decision is affirmed. 
I 336] The maximum pulse pressure sensing element [ in / at SA5 which will continue if the press location of the 
i jssure pulse wave sensor 52 is controlled by the optimal press location in the above SA 4 / the condition ] EM It is 
I termined, and in SA6 corresponding to the press force control means 86, a HDP control routine is performed 
i atinuously. this HDP control routine - press equipment 60 -- the thrust HDP of the pressure pulse wave sensor 52 - 
i d 1 st thrust HDP1 It is increased continuously and is that increment fault in thrust, from - the maximum pulse 

jssure sensing element EM determined by said SA5 from - pulse pressure PM of the pressure pulse wave detected 
i e optimal pulse pressure PL set up beforehand a ****** [ haying become the above ] - being based - the optimal 

. •; z«y^u? 
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i ust HDPO It is determined. The thrust HDP of the pressure pulse wave sensor 52 is the determined optimal thrust 
I )PO. It is maintained. 

1 337] In SA7 corresponding to the continuing real pulse-wave-velocity information calculation means 88, the real 
I lse wave velocity PWVac is computed by performing the real pulse- wave- velocity calculation routine shown in 
i awing 9 in detail. 

1 338] the maximum pulse pressure sensing element EM of the cardiac correspondence number SH first supplied from 
5 heartbeat microphone 30 in SB1 by the real pulse-wave-velocity calculation routine shown in the drawing]? , and the 
i assure pulse wave sensor 52 from - pressure pulse wave signal SM 2 supplied It is read. 

i 339] At continuing SB2, they are the cardiac correspondence number SH and the pressure pulse wave signal SM 2. It 
I judged based on whether the standup point of a pressure pulse wave was detected whether it was read by one beat. 

I hen decision of this SB2 is denied, said SB1 is performed, and they are the cardiac correspondence number SH and 
: 2 pressure pulse wave signal SM 2. It is read further. 

1 340] However, when decision of the above SB 2 is affirmed In SB4 which it decides on the time amount by which the 
i indup point of a second heart sound II was detected in continuing SB3 based on the cardiac correspondence number 

I I read by the above SB 1 , and continues Pressure pulse wave signal SM 2 read by the above SB 1 In SB5 which it 
cides on the time amount by which it was based and the notch of a carotid pulse wave was detected, and continues 
i ie real pulse wave propagation time DTac is computed from time difference with the standup [ of the second heart 

i und II determined by the above SB 3 ], and notch generating event for which it opted by the above SB 4. Drawing 10 
ows the real pulse wave propagation time DTac computed in the above SB 5. 

I 341] Furthermore, in continuing SB6, the real pulse wave velocity PWVac is computed by substituting for said 

i rmula 1 the real pulse wave propagation time DTac computed by the above SB 5. 

1 342] When the real pulse wave velocity PWV is computed in said SA7, subsequently When SA8 and SA9 
rresponding to said cuff pressure control means 82 are performed, and a change-over valve 16 is switched to a 
assure supply condition and an air pump 18 drives, while the rapid pressure up of a cuff 10 is started for blood 
assure measurement Cuff pressure PC It is judged whether it became more than the aim compression pressure PCM 

I forehand set as the 180mmHg degree. It is cuff pressure PC by carrying out repeat activation of eight or less above 

I ^, when decision of this SA9 is denied. Lifting is continued. 

I 343] However, cuff pressure PC If decision of the above SA 9 is affirmed by lifting, a blood-pressure-measurement 
I ;orithm will be performed in SA10 corresponding to said blood-pressure-measurement means 80. Namely, by making 
I iescend at speed with loose 3 mmHg/sec degree which was made to suspend an air pump 18, and switched the 
i ange-over valve 16 to the.**** exhaust-gas-pressure condition, and was able to define the pressure in a cuff 10 
I forehand Pulse wave signal SM 1 serially acquired in this **** pressure-lowering process It is based on change of the 
I lplitude of the pulse wave to express. The blood-pressure value decision algorithm of an oscillograph metric method 
i own well is followed, and they are the highest-blood-pressure value BPSYS, the mean-blood-pressure value 
i >MEAN, and the lowest-blood-pressure value BPDIA. While being measured, a pulse rate etc. is determined based on 
t mlse wave gap. And while the blood-pressure value BP, pulse rate, etc. which were measured are displayed on a drop 
, a change-over valve 16 is switched to a rapid exhaust-gas-pressure condition, and exhaust gas pressure of the inside 
i a cuff 10 is carried out quickly. 

I 344] Lowest-blood-pressure value BPDIA measured by said SA10 in SA1 1 corresponding to the continuing normal 
I lse-wave-velocity information calculation means 90 And the normal pulse wave velocity PWVno is computed by 
I bstituting for said formula 2 a living body's age A supplied by said SA1 . 

I 345] Difference deltaPWV (= PWVac-PWVno) of the real pulse wave velocity PWVac computed by said SA7 in 
i d2 corresponding to the continuing arteriosclerosis characteristic calculation means 92 and the normal pulse wave 
I locity PWVno computed by the above S A 1 1 is the arteriosclerosis characteristic la. It is computed by carrying out. In 
I dition, since the real pulse wave velocity PWVac computed by S A7 becomes quicker than the normal pulse wave 
I locity PWVno computed by SA1 1 when a living body's artery is hard, the above-mentioned difference deltaPWV 
i -ves as a positive value, and the difference deltaPWV becomes large, so that arteriosclerosis is advancing. 
I teriosclerosis characteristic la computed by the above SA 12 in SA13 corresponding to the continuing arteriosclerosis 
i aracteristic display means 94 For example, as shown in dra wing 7 , it is displayed on a drop 74. 
I 346] According to this example, as mentioned above, with the normal pulse-wave-velocity information calculation 
i ;ans 90 (SA1 1) Actual lowest-blood-pressure value BPDIA measured by ; a living body's actual age A and blood- 
sssure-measurement means 80 (SA10) By being substituted for said^formula 2 When a living body is normal, they are 
5 age A and its lowest-blood-pressure value BPDIA. The normal pulse wave velocity PWVno which can be set is 
i mputed. With the real pulse-wave- velocity information calculation means 88 (SA7) The real pulse wave velocity 
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Wac is computed based on the actually measured pulse wave. With the arteriosclerosis characteristic calculation 
sans 92 (SA12) As a matter of fact, difference deltaPWV (=PWVac-PWVno) of pulse wave velocity PWVac and the 
.rmal pulse wave velocity PWVno is the arteriosclerosis characteristic la. It is computed by carrying out. The real 
ilse wave velocity PWVac computed based on the pulse wave measured actually by the real pulse-wave-velocity 
formation calculation means 88 (SA7) Since it becomes the value which is separated from the normal pulse wave 
locity PWVno computed by the normal pulse-wave-velocity information calculation means 90 (SA1 1) so that 
teriosclerosis is progressing about the living body Arteriosclerosis characteristic la computed as difference deltaPWV 
the real pulse wave velocity PWVac and the normal pulse wave velocity PWVno Even if it is an unfamiliar man, 
teriosclerosis can be evaluated easily. , 
047] Moreover the arteriosclerosis assessment equipment 8 of this example is the arteriosclerosis characteristic la 
mputed by the arteriosclerosis characteristic calculation means 92 (SA12). Since the arteriosclerosis characteristic 
splay means 94 (SA1 3) displayed on the single dimension graph 96 is included further, arteriosclerosis can be easily 
aluated rather than it contrasts the pulse-wave-velocity information and the datum line which were actually measured 
the topographic contour plot table. 

048] Next, other examples of this invention are explained. In addition, the portion which is common in the above- 
sntioned example in the following examples attaches the same sign, and omits detailed explanation. 
049] Drawing 1 1 is a functional block diagram explaining the important section of the arteriosclerosis assessment 
uipment in an example other than the above-mentioned example. With the arteriosclerosis assessment equipment of 
is example although the device and circuitry of equipment are common in the example of above-mentioned drawing 
the control actuation in an arithmetic sequence unit 28 is different. Hereafter, the point of difference is explained. 
050] The functional block diagram of drawing 11 is replaced with the arteriosclerosis characteristic calculation means 
. of the functional block diagram of drawing 6 of the above-mentioned example, and the arteriosclerosis characteristic 
splay means 94, and only the point that the comparison display means 1 02 is established is different. 
051] The comparison display means 102 displays the real pulse-wave-velocity information computed by said real 
Ise-wave-velocity information calculation means 88, and the normal pulse-wave-velocity information computed by 
id normal pulse-wave-velocity information calculation means 90 possible [ a comparison ] on a single dimension 
aph Drawing 12 is drawing showing an example of the single dimension graph displayed on a drop 74 by the 
mparison display means 102, when the real pulse wave velocity PWVac is computed as real pulse-wave-velocity 
formation and the normal pulse wave velocity PWVno is computed as normal pulse-wave-velocity information. Like 
awing 12 when the real pulse wave velocity PWVac is quicker than the normal pulse wave velocity PWVno, it can 
ige that arteriosclerosis is advancing and carrying out, and the detached building condition of the display position of 
; real pulse wave velocity PWVac over the display position of the normal pulse wave velocity PWVno can estimate 
i degree of progress to arteriosclerosis. . 
052] Drawing 13 is a flow chart for explaining still more concretely control actuation of the arithmetic sequence unit 
shown in the functional block diagram of drawing!! • It is only differing in that replace the flow chart of drawing 13 
th SA12 and SAB of the flow chart of drawings of the above-mentioned example, and SAM corresponding to the 
mparison display means 102 is formed. 

053] In the SA14, as the normal pulse wave velocity PWVno computed by said SA1 1 and the real pulse wave velocity 
Wac computed by said SA7 show drawing 12 , it is simultaneously displayed on the single dimension graph of a 
74 

054] According to this example, according to this example as mentioned above, with the normal pulse-wave-velocity 
formation calculation means 90 (SA1 1) Actual lowest-blood-pressure value BPDIA measured by a living body's 
tual age A and blood-pressure-measurement means 80 (SA10) By being substituted for said formula 2 When a living 
dy is normal, they are the age A and its lowest-blood-pressure value BPDIA. The normal pulse wave velocity PWVno 
lich can be set is computed. With the real pulse-wave-velocity information calculation means 88 (SA7) TheTeal pulse 
ive velocity PWVac is computed based on the actually measured pulse wave, and the normal pulse wave velocity 
Wno and real pulse wave velocity PWVac are displayed possible [ a comparison ] on a single dimension graph by 
; comparison display means 102 (SA14). The real pulse wave velocity PWVac computed based on the pulse wave 
-asured actually by the real pulse-wave-velocity information calculation means 88 (SA7) Since it becomes the value 
rich is separated from the normal pulse wave velocity PWVno computed by the normal pulse-wave-velocity 
brmation calculation means 90 (SA1 1) so that arteriosclerosis is progressing about the living body Even if it is those 
10 do not get used by displaying the normal pulse wave velocity PWVno and the real pulse wave velocity PWVac on 
ingle dimension graph possible [a comparison ],arterioscler6sis i can be evaluated easily. 

)55] As mentioned above, although one example of this invention was explained to details based on the drawing, this 
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, vention is applied also in other modes. 

1 056] For example, although the pressure pulse wave sensor 52 which presses a living body's neck 36 as a 2nd 
i artbeat synchronization voltage sensor, and detects a carotid pulse wave was used in the above-mentioned example, 
i s format with which parts other than neck 36 are equipped and which presses the part is sufficient as the pressure 
i ilse wave sensor 52. For example, the pressure pulse wave sensor of format with which a wrist and a femoral region 
i e equipped may be used. Moreover, the pressure pulse wave sensor of the format of detecting fluctuation of the 
essure in the tourniquet with which the impedance pulse wave detection equipment and a living body's predetermined 
! rt (for example, overarm) which detect impedance change through the electrode with which the photoelectrical pulse 
i ave sensor used, other the sensor for pulse detection, for example, object etc., other than the above-mentioned pressure 

I ilse wave sensor 52 etc., the photoelectrical pulse wave detection probe for oximeters, and the finger were equipped 
i e equipped etc. may be used. 

! 057] Moreover, although the heartbeat microphone 30 was used as a 1 st heartbeat synchronization voltage sensor m 
i e above-mentioned example If the electrocardio guide which detects an electrocardio induction wave through two or 
i ore electrodes with which a living body is equipped may be used as a 1st heartbeat synchronization voltage sensor and 
i upstream part is equipped with it rather than said 2nd heartbeat synchronization voltage sensor The various sensors 
i ustrated as sensor equipment which can be used as the 2nd heartbeat synchronization voltage sensor may be used as a 

I I heartbeat synchronization voltage sensor. 

I 058] Moreover, in drawing 8 of the above-mentioned example, and the flow chart of drawing 13 , in SA7 
i -responding to the real pulse-wave-velocity information calculation means 88, and SA1 1 corresponding to the normal 
! ilse-wave-velocity information calculation means 90, although the real pulse wave velocity PWVac and the normal 
I ilse wave propagation time PWVno were computed, the real pulse wave propagation time DTac and the normal pulse 
ave propagation time DTno may be computed by replacing with these real pulse wave velocity PWVac and the normal 
I ilse wave propagation time PWVno. 

I 059] In addition, in addition to this in the range in which this invention does not deviate from the main point, various 
odification may be added. 
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^2 0 0 1 - 1 9 0 5 0 6 

<D±»^^m^&mt^m^^M\zmmT^jE^ 
^st. (c) mE±#o0r3e»ttcs#anTaiiiCf» 

HJBKttfcfflrsBli&ftHJIIIiS-t^lJ-t, (d) ^<fl!g 

»HMie**ttir**2«tttBII!«-l:>1J"<!:, Ce) MIS 
£ l 9B"l 'btiBfflttaBBttl:: 

eftaKHMRffu^ft*. (f) MEiE#Rttettaatt 

«E*IR«fi»a*««JfU*fttJ;OIffflSnfc*JR 
-Tftlttt*****:*, atretic**. 

[0 0 0 9] 

ra2^©M] cwiaicrntf, iE«KKe»a" 

S«C«koT»«SnfcJtlK<OJ»LEMfcHa^l»T, £ft 

T*R«e»a«w«#£tB£ft. itiMis^afcJ: 
mmatmnwatttz**)* mmzmfeznizmmz& 

[0 0 10] 

[^^<Z)»®^^J58<7)^g8] ETF, *5BW0>-jtJg«* . 
Hffl*cacf^TBIB«cKWT&. Sltt. *KW^igffl 

[0011)11 Kfc^T, IMR£ft:ffBSII8tt. 3* 

2{c#[Hl^n^^7 l o <h. :<o*7ioi:Ef 2 0$ 

6, *5<fctf3?»;#>:7l 8 tti^TWS. C<D«»# 
1611 *7 1 Ort^E^^^StSE^SHfr' 

[0 0 12]"E»t>*14tt, *71 0rt<Z)E*S:tt 
ULT*®E**»TEa«»S P6»E#MIHB2 2 



5 

6 LTt^fM$Jgg 2 8 'M&jS&TSo 
[0 0 13] ±KM&#»llHjSg2 4teA> K/^^Jl/ 

^§g2 9^r^LTSI^:«f^l^S2 8^«^T^>o C<£>fflft 

M^e>^iT^7 i o tce^^n^ffi^jift^-r^: 
[0014] *mmmiz&^Tmi>\j>mmm$L-t>*v-t 

2 ^^LTMisiag:a?ag@2 8^tt$&$n^ e ±ia^> 

[0 0 15] K.m&&im7v-7 3 4te, H2{:,TtJ; 
^^<^^3 6lCg^A*>K3 8tc<i:0^^$n. 
0 3(C^L<iK-r < J;o^, ^#£f£Tir>+JV\^v> 
^4 0 £iK^f <5^r— X4 2 dr. d<0-tr >-tfV\«^ V y# 
4 0 $:Iil4 4<Dmijfa\Z&m)2 J &Z>Zi#)\Z^<D't> 

J #/\W>?4 0 (:il^$nio^r-X4 2f*jK:lStt£ 

n^^7Kb^i/^-^^ c fcoTiHie^[Ki$n^)^i;#4 
mmm^> k 3 8 ic^ 0, -tr>^A^^>^4 o^^a 

[0016] ±nz j t>-y-/wi;>?4 o<Dfamz\z. y 

<t77A5 0^r^LT*:^^J^*3^T^2^«fHl^ 
&-tr>1t£ LTt^^f £EEM&-tr>1t 5 2 ^*B*t^l*j «J 
fclrt^ir >1t/\^>?>^4 0<7)^PS^Sco^^ttil>"SI 
^{ciS^enT430, Ctie>-tr>1t/\^> J >^4 O^oi: 
7 5 0^{Cj:oTJE^^ 5 4 7^tfc£nT 
£tf)JE2j^ 5 4 fttcte, M 1 IC^kTJ;^ tz, gga. 
*>/5 6^6l^iE^5 8^^TEE^^^$&$n^> 
d&oT&O , cmicick 0, EE#K$E-tr 5 2 teSE 
*>^5 4[^<7)EE^(Pa){Cj£L:^t¥JE^ > rfllS^S@4 8 

[0 0 17] ±t£i:>i*v\^> ? >^4 0 &i;tfy-f ir? 
^A5 0H JEfU£ir>1t 5 2 £^IMJS4 4(Cffi]^oT 
WHT^>tfiE^g6 O^MLT^O, i:f5^i;#4 6 
4o£tfl^L&t,^--^H EEM&-ir>1t 5 2^f¥/E£ 
n3ffm&^£^<D^MiU 4C0ig^^]fC^Ki$1i-T^ 
MT^f¥JESg^J?^gT^:^^ti^fp|^»i^g6 2* 

[0018] ±IBiEm^-t: 5 2 <£f¥EE® 6 4 Idte* 



(4) ¥rm2 001-190506 

6 

^(D^mfc&frm^ (UT. «JE*^i^3) E*V 
AMU 4<D«;£ftT&to^tai;*M 6 t¥'rtf£&m$L 

0, ^4(C5fT^^(^ E^iraPH^O. 6 mm 

mmtzntzi 5ia)iESfE (a) , e (t>) , - 

E (o) ^E^Snt^<5o 

[0 0 19] "C<OJ:5 t*j«anfcJE8!lift*lH^D---/ 
3 4^, SS3 6 (DfcmWl 8<DmWim4 4±\ZWEE2tl 
10 SCtCiD, *«JE*-^Ettt, SftJKU 4*>SS8£ 

ix^ss 4 8 teasns^ttrasitt-rfttotjEiiRtt 

75^ttS$n, ^OHM^^^-TffM&ff-^SMa #A/ 
D^m§§6 6£^LTMfB^I£fr]®l^§2 8Aft»sn- 
£. H5I1 ffiK«-fe>-9-5 2 KcfcO *1<SJE 
MzSff-^S M 2 CD— M£tSLT^£. 
[0 0 2 0] iS^©IP^S2 8te> CPU 6 8, ROM 

7 0, RAM7 2, ^cl;tfi^l&^I/0#-h§$ 

ffittmm^ ?nz2>\f=L-*\zTffif&2tiT&r), 

CPU6 8fJ, ROM7 0 fC^J6S2K$nfc^a^^A 
2> KttoTR AM7.2<DE««(IBft«fflL^r)«^ja31* 

^#>^5 6 ^3cfc^WJE^5 8^HSLA:^Kni§IB 

2*>\Z. »JBE##I[U&2 2*6ft»gft«*7E 
S K *5 £ 2 4^6ft«SnsiiM 

£ 3 0^6«*&5ti^^m^SH^ck^JE»R&ir> 

[0 0 2 1 ] A^]gl7 6W\ «*<Z)¥«**A*$n-5 
fcfc<Z>ia^Lfc^Aa + --*fflA, ^AASnfcJSt 
0¥^A^^Tft^^mj|2Sg:ffltai^g2 8^tB^jT 

So 

[0 0 2 2] H6«, ±K»IR«{tHMiffi3$B 8 

^s»gi2 8 (Dfflwmmnm&zstW'rzmmya 

^»HT*5. ifilJE^j^#g:8 0H ^f^JESj^I^S 

8 2 iZcfcoT^:i:Atf*fls:<7)±ffi6(C#lHl$nfe^7 1 0 
40 coEEiiEE^^mScos^JE^MPcM (*:<hx.fcL 180 

nmHggjKttJEAfll) *Tifta»EESitfcSSH 3 mmHg/sec 

iElBPsn > ¥^JfiiJEMB Pmbah, 43i:t/Sfg;ifii/EE 
IBPoia *if«:ft^L, ^(^^^LAcSi^J&LEEffiB P 
STS , WMIBPhean, ^cfc^SiSifilJEMB P dj A 

[0 0 2 3] &m¥?E.tiLWmW^& 8 4H ffllil©8f 
50 P^T^if. WJE® 6 4(Cffi^j^nfciSJE9R^E<7)'3^^S 
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fcHX^E* 0EMttR#, E^0»£S*<!:LT, *h 

5Ct fcT*ff EttRMf*fr#a4 Ltz®£\z 
tt. HT<0»EttBHfffP»t*ffrs. rttto*, ff 

ESS 6 0iJct«EIRifi-fe>*5 2ft0fftE«»l(iS-fr 

2^8R£3nfcS IffEAHD PiTffESl^ ^ 
o««THtf ±EffEtt«Mfr*ff3W*ttr**»^* 
fliU ffEttM«*fr#*Stbtt<aft*ir, ckO 

fc, ±EHREP>i ttt, HSJCfe^-r.k'plc, -tt£<£> 
EJRift©t:-^bC*5tt*E*<ha'6±^O^a (Sfc - 
tt*/k£) lc*tfaE».t©»Tf*-5. Sfc; ±E#E 

£g$ff£tt, EIR«H:>-*5 2 icJzOffE^nsftSR (*H 

«fl-e»aMiR4 4) ©aLffna^rftesh, t£ 
i/4Wttesh*. 

[0 0 2 4] fflE*Si|®#g8 6 tt. E«iT>1t5 2 
^MffEttHIHffl^ft8 4HJ:-0»affEtt«fcttB 
St6nm »E8«6 0^±5EIRifi-fe>it5 2© 

jfE*HDP*a*w^*fta*, *©«ft;»ST#fc 

EK*K«^vt*M¥E*HDPo ^ft^L, EffiS 
-fe>1^5 2^^(7)*®tfE*HDPo i!Tt¥E$^^o 
::T, SiiffE^HDPa £tt. fetAH «*RE 

^bs^em t±D*ia*nsKEP« ^feRssh 

fcltlffPi K±<tfe*ffE*HbPT»t), dCOft 
filEPi tt. IffP« #/h*T«f*iE«Hfc#*W* 

w*K«WT?£**g£KR:£sn*. 

[0 0 2 5] «KttSfliaKfllKVU^R.8 812, ±12 
"»E**J»*R8 6H t fcOEMiSir>1t5 2(7)ffE^H 
DP#S®ffE*HDPo ^*»$nT^-5ttJB^^^ 

t, ^*T-r^3otc«fcoa*aiasnsit*«^sH 

t, Effi8-fe>tf5 2eEtt£ttfc**®CE*?EK: 
£0i£*1$ffi£n5lg&©EM&ffi^SM2 <7)?*»cq- 

»ojgr»f*«tt*««iflsnfcp»niit, EUsm^sM 
itnmta>mmm (mmm&mmm) DT.cdsec)** 

±*o^*uanfcwiBtwE»*iiiE*ia»TE> c 
&fc®mn\) DT.c^sain. cc-e. ±12/ yft 



(5) M2 0 0 1 - 1 9 0 5 0 6 

3S'h«n?*D, Mtfet^o eia/y^tt, 
£58£TSi^-e**JS 2 I CMt^ $ 6 fc, 

*iRifie»as«»ina¥a8 8tt, tvnm&fcmm 

S*K«fil»I^IBlDT.e*i5, ^»ES<*nSjtl 
SfiliiSPWV.c (a/sec) **ttiT*. N. StlE*** 

r, l Wfj^^^ 3 o^gf $n^M^e)Ei 
i<? »t>*5 2^«*an««ttST!©E«-e* , o\ 

[0 0 2 6] (Si) PWV, c =L/DT,c 

[0 0 2 7] Sfc, ±E%Ktt£tt3Kift«gtfi#R8 

8^j:o#iasnfc*)iiiifie»»s»«tt, »»-rai(i 

0\Z£D MfcSnfcihEttB P fcStJV*TWttISn*IE 
"^SH;fe«fctfEIRft«*SMi tt/MEJtLEHe^S8 

[0 0 2 8] IE«MttfittaKW«irffi^S9--0tt. JfiL 
EMBP^i^WAtiEWlRKeJiaaWfltOMO 

8 0l:±0 *Blcill«sns±#(OjfliE*tB p tfcStJ 

*ttrrs. ttt, 

Ke»aK»«tLTE#iRififittaspwv..^ffl^ 

&n, JfiiEttBPtLTSiSjfaEMBPDiA .tfffl^sn 
[0 0 2 9] 

(£2) PWV„o = aXA+/3XBP D iA +0 

c©a2tt, ^©jtEMBP^at^sifiiHftfi 

iMPWV^iuci, £J:tf¥i»A#*W*2Hfi 

wtcjRseffiaspwv^a^tv^^tis^^TiE 

40 *!Rifte»aKPWV..^ftA*3«fctfiftLE«BP<7)* 
»(7)*#fCO^T, ^^A^^^'lftLEflBPciiSl^^m 

a«wa^<niR«fi»aspwv a e ta)H««r*», 

Sftlfffttt^ttBllfllRTftO. fcfcttf. a = 9. 4 
56, 3 = 3. 43, 0 = 1 9. 7 2 3Wffl^6n-«. 

[0030] «iMgfbJt»sai¥g 9 2 tt, jE#K«e 
safttt fg^ii^g: 9 o D*uanfciE*jiii«g* 
5^ mmm®Lt. mmm&mmm^mn&^&s s\z^dw 
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tt. »ilR**iE#T*S«^©IRttg*ja«ni«*«-riE 
ftftRtt£«M1ftlHt::*t LTXNR<Z>ltttC£-3< 

£gTfc©T&ntt*ck<. IE1»JRiSe»aflE««i:LT 
IE#Mi&£]#j£^PWV.,. *'|Rifie»aflEfl|«i:LT 
M*fiia*PWV,.t«tlxTKWt*i. fztA 

..tCOiAPWV (=PWV„ -PWV..) lESIffi 

«e«afl^wv..K#T*3MR«e»fcflEPwv.«© 

tt (PWV../PWV,.) . ±IBMA PWV£IE#Ili£ 

f5tt^^pwv..-riijt)fcfi (apwv/pwv..) m 

*JHo>*± 'c©»K«Yt»»l. tt. IE* 

[0 0 3 1 ] i«?g{bfgft3i^§* 9 4tt. .HElftliilS 
<t»»»ia¥R9 2££DffU3n&nMaft:flHfc I.' 
«^3§ 7 4 © — Kit?? 7±l:S*St5. 07 

tt. ni«fbttRSj5¥i!9 4 cioisssns-jks 

# mi BiE # H* ttficfll ttft »« £ -St -6 «d ©Sif!©{b 

<mbri. t*o. en i o ottHSfBi*Bm®fbigs:^!±s# 

S9 2 C«k 0 3¥Uan.5»IRH{t:«» I . £jrcLTty 
So i©«fc-5tc— &5c^ 779 6 Ji»Ctt>*.«04Jj;tfStE 

iRraiftMiSfbitsc i . i o o^snat. 

-5. 

[0 0 3 2] I8H 0 6ro«ffiyo«>i7$Sa.(C^Lfc 

[0 0 3 3] H8tC*5V>T. Xf^ySAl 7. 
y^«BS-r-5. ) Ttt. A7jgS7 6!^6«M«# 

ciros a i ro«»fa<S£snfciS£-tt. SAi*t»ojg 
L^fT^n^* 1 - tssnmit aKWffiattii* 

& 8 6 S A 2 CfelrVT. tfJESS 6 0 lz«fc 0 

1173^5 4F«qroffi?3Atf»ll3l$tl-5Clt{3«fcO, jEfflftft-tr 
>H-5 2©ffJE?3HDP*< : f*iS:3e$nfcmiJ«PJE73H 
DP. tStl*. ±IH^ 1 WffiTjHDPi tt. &i!5EE^ 



(6) <f#Ba 2 0 0 1 - 1 9 0 5 0 6 

[0 0 3 4] ttb>Tft3tf l EE&BlMfl9¥g:8 4l:M)5t 
5S A 3 71MS A4^HffSn-5. ST. S A 3 Ttt. 

M 1*1 fflJ * T- \Z ft m T -6 fc © -c & 3 fr£ & <fr £ f -5 JflEft 

an*.. c<D.w»ia<gj£snfc*£-K:tt. tansA 
5«K*<jiffans. 

[0 0 3 5] -7J. SA3©ti]>f*t#JEan«:»&. T 
J0 /St)*. JE*»-fe>-t*-5 2©Hil4JR4 4l=»-r-S«*ti: 

ffia^Figtfj-ea&fcig-s-fctt. s<SA4i:i5Ut, ap 

tt. ft^HRffiatHSS^E! *««ffi* : FE©E5i|<OBS«*'* 
ffiBfc&4«aWffiteB*ftjrr*fc*£>. EHi£iz>-y 
5 2 *-IMffi4 8 75^6 BKS $ It. *a7Jl6l^»lSS6 
2 i:iOffEgI6 0*3J:?>'JEEffitjS-fe>-y-5 2 ^ffr^Sg 

SWCXIWESBlffEE^HDPi TWEES -fr. 

[0 0 3 6] ±SBSA4lC*J^TflEHSE-fe:>t)-5 2 ©«> 
JE^B*<Skjg*¥fiEfl:Bl;«ffllSn5i, «S<SA5T 

n, iBt^Tl¥EE*«»^a8 6lC»fS-r*S A6 \Z&K 
T. HD PSilPJI/— ^^Hfran-S. d©HDP«i 
JU-^>tt. WEE=gB6 0 ir=fc 0JEHlSft-fe>1i" 5 2 ©f¥ 
ffi* H D P aUWESB ltfPffiTjHDP, A^a^WtCtSJjP 

s-a-sn. -e-©fpjE7jiiiPiaa-c, mies a 

30 n&Jft^JRfflfctilS^Ei d>SlftltiSn3flE«tt<DlRBE 

p. *«^»e>issanfc«jgtePi K±<h^£ofc^s^ 

(cSo'^TSiitfJETj.HDPo *<ft£Sn. 

tJ-5 2©f¥ffiaHDP**-e©ftj£Snfc«M»PflE2jHD 

[0 0 3 7] tt<?£JRi£&«a&1lMR*tH^g!:8 8C» 

jt«SA7-ctt, ia9 (cPL<^-rnasffii5fii3iffi# 

ttS;i/-^>A^ffanSCi:»CJ;0. P 

wv,c ^ffian-s. 

[0038] to@9 tcTK-rniiseiSjis^tti;!/-^ 

40 >Ttt. St*. S B 1 i:*l>T, i>f7-f^3 0A>5« 
ISSft*&*«*SH*±tfEERft-fc>-S-5 2©*±K 

j^sns. 

[0 0.3 9] M<SB2ftt, -l^m^SHi5&XSK.n. 

tt. /EMi£©5i: ±.A* 0 /SiWfcm a nfc^5*M:St?n 
TttgfanS. C©S B 2©«Wr^5^$nfc«-&tt. 
IIESB l**SlfTSnT.£..««^SH*J:t5ffilRjfte* 
SM: blCM^-iiSn-So 
50 [0 0 4 0] L*L. ±ESB2©fl»j)«#!6Snfci| 
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£tt, «<SB3f:iJl>T, ±ESBl"CR*5i*nfc 

*uanfcwnn3»«*esti, a<sB4t?n ±esb 

tt, ±ES B 3Tft£$nfcSi2ft«II<Da5±a<gft 
At, ±ESB 4 -CftftStlfc/ y tOWBSI 

±12 S B 5 C*^T*ffiSn-6*IR»eif«pBIDT.« * 

[0 0 4 1 ] $e>tC, «<SB6TH ±ISSB5T^ 

[0 0 4 2] (HESA7C*^T*lR*e*aaEPWV 
#£ttSi*ft£t, 8ftErt7EIMf«*ft8 2K*t 

£T3SA-8£cfctfSA9#SSfT3tt. «0ft#16^E 

nsctic^o, *iffijiise!)fc»*c*7 1 'oofta#E 

^■JfiansttfeJC, #7EPc *M 8.0mnHggflHC 

Sr^n*, c©sA9o>«»f.3S«53tanfc«*tt-. ±e 

S A8KT**»0iBL*ff*tl-SC4:{Ci0*7EPc. 

[0'0 4 3] L^U *7EPc'.O±#fc«k0±ESA 
9<0«*ra<#«3n*t, WEJfcEM*¥ft8 0»r»« 
T6SA1 ok^t, jbEiHSr^^uXA^ff* 

1 6 t*a«|£E«»C«ai»AT*7 1 Oft^E**^ 
#£a& Sn'fc 3 BiBHg/sccSKOJI^^&aKTTB^Ii- 
*Ct(;:J;D. d©»a»Ejia-C»^#6nsj|RKffl 

tifc*S/D^ hU iy^3&3S©JfcEMftS7;U^UXAC 
«£oTSKifiLEfIBP S T 5 . ¥i^lftLEiiB P«ba N , 

mimibpoia ^^nschchtc mm*m 

JCS^^THttRfttS^Jftftaftl-BOT**. fit, 
^O^j/g 2 nfcifcEfi B P * £ 7 

[0 0 4 4] ^<IE^M^etiiiSifS^lii#g9 Ot: 

sensAiim wesai 0T«saftfc«fi 

ifiLEfflBPor* *cfctfitESAltft«Stlfc4ft©* 
• At*. WEiC2tftAan*CtJcJ:0. IE#Mfe 

e»aa^wv..#»uj$n*. 

[0 0 4 5] tft<ftMftlBR*U#R9 2fc»J6T* 

SAum mESA7T*tts$nfeHBSifie)fas 
pwv.ct±ESAi iv&mznttJEizmigL&mmm 

PWV 0 o ttf)MA PWV (=PWVh - PWV B0 ) 

w^w^tctt, sA7-c*iH*n3tsw*fi*a*pw 

V..H S A 1 lTStH^nfciE^flRfe^filiigPWV 



(7) 13P*f] 2001-190506 

„,l;Dt)l<ft§(DT, "±E«A-PWVttlE0)«tt& 
<&5o «<»JRHftJB»a^ft9 4t#iST*SA 

[0 0 4 6]'.±»fl)J:5i:, **J6WlcJ:ntf, jE%m 

R£»aa^«*ia*R9 o (said ^.to. 

©HIR(0*«AtJliEffl«#S8 0 (SA10) tdJ:^ 
10 TMSStlfc|||K<D»fijfcE«[BPDM. tJMttBSC2fc- 
ftA$n*CtKl«kO, 4**iE#"C*-BtL/fc«*C 
^(7)^^A4od:^^coMig:jfiiEMBPo«A fcfcttSIEft 

R«eita*'pwv.,jft«jnaan, s&ffi&£«agifNB. 
g*^g8 8 (s a 7 ) t-cfco. 
K:*^^T**«ei§a*pwv ai *«jKisn, »as® 

{b»»»tb*a9 2 (SA12) ££9, 

miispwv a c tiE*isKfetiiiSPwv n9 t^SA p 
wv (=pwv I( -pwvm) wsiaftssi. tu 
rata an a. xjKttettaaiffti*tti#R8 8 (sa 

s*iR«e»aflEPwv l ictt, *o4#iio^t»*« 
ftjwa^T^aia ££*ftR&&aatttt*u?R9 o 

(SAl 1) {CJ;0^ttl$n^iE««fc1iiiilPWV 
..*^«nfc«t«:S(7)"C, *M«eiS^SPWV a c t 
IE«Mffi^ti]iSPWV 0 „ t<7)MA PWV t LT^lH £ 

»K«ftt»»tClf«1-*Ct*T#«. 
[0 0 4 7] *HJ6W^SiMafblffflSS8«, 
»«S«ft»R»ffl¥R9 2 (SAl 2) fCJ:0gtH$n 
30 fc»«Bftfiai. £-*5c*77 9 6±fc»?S3i** 
»B«fb»R««¥R9 4 (SAl 3) tS&fctfto© 

r*7cH»c^^T*RtiiiiS3nfcR«e»aK 
«Mit»i|i«it«»tt-r*«tofe, «A(=nii!(fiE(b6ff 

[0 0 4 8] *«W<Z)flSOHJfiWSrl8WrS. & 

fc, HT0)*«M*c*^TRa<D**«t*aT*»# 
tt|p|-©«F**f*LT»«lftRW**IS-r*. 

[0049] ai ni, wm<D%mmtm\<Dnmm\z 
k*m«irr2 8iz&»zmnmhim*+*. a 

T> ^<Bffia££a»9rr*. 

[0 0 5 0] IS 1 lo»j6yo.^»HH Ma>(7)^» 

mvm 6 co«siy n * 2um<nmmmm%&&^& 9 

2*itf»JR«ftJBR*^R9 4CftitT, tfcR** 
>-&l 0 2#lgtt£nT^5£<D^#fflaT£. 
[0 0 5 1 ] *0>J±«SS«*R 102H WEHIIRifte 

»aKW«»u¥R8 8 jciojfiuantsijRReRa 

50 RMFtlt. MEiE»IR«e»aKlI!*«ia*R9 0»Cc|: 



(8) 
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±tciti$nj^{c^7KTs. ana, ^mmmmmmm 
Bmmxmm t LxiE^mmmmmm p w v» . a^tts s 
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